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ABSTRACT

Many investigations related to hypersonic flight and reentry have been conducted and from
the results of these studies, design concepts have been evolved across the complete lift-to-
drag ratio spectrum for entry. This report considers the relationship between any new lifting
entry vehicle and the established low L/D or ballistic spacecraft technology. It is shown that
a substantial base of knowledge exists from the successful flights of the ASSET and SV-5D
along with the technology obtained frowm the X-20 program. To place lifting vehicles in their
proper perspective, a review of some of the advantages traditionally associated with the gen-
eration of lift is given, and a realistic view is taken of sorae of the maneuvering constraints
which can be required. Particular emphasi£ isplacedon the performance flexibility which can
be achieved. Specific technology features common to complementary advanced systems are
identified and assessed relative to launch vehicle constraints. The evolution of highly efficient
lifting bodies is traced. Potential configurations for reentry are delineated, and these con-
figurat4 ons are assessed in relation to their heating, volume, and weight. The incorporation
of man and on-board propulsion is shown to be completely compatible and advantageous with
the candidate high L/D configurations. In conclusion the lack of well-defined mission require-
ments indicates the advisability of preserving the options available.

This abstract is subject to special export controls and each transmittal to foreign govern-
ments or foreign nationals may be made only with prior approval of the Air Force Flight Dy-
namics Laboratory, FDM, Wright-Patterson Air Force Base, Ohio.
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SYMBOLS

C * Chapman-Rubuion constantIL/D liftzto-drag ratio

MW freeatreaxn Mach number

RN Reynolds number

T temperature - O

W/S wing loading

SV velocity increment - Fps

W weight - Lbs

rip specific impulse

C Lmax maximum lift coefficient

W/CLS equilibrium glide paramneter

V volume - Ft3

V1  ratio of velocity to orbital velocity

8 vehicle reference area - Ft2

S footprint area of reentry footprint - (NM) 2

Ser1 area of earth's surface - (N")2

Swet vehicle wetted area - Ft 2

V2/3 volumnetric efficiency

SOL delivery index

reentry angle
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SECTION I

INTRODUCTION

* An often referenced article (Reference 1) discussing the prospects for a manned lifting entry
research vehicle expressed hope that a future development program in this area woeld not
suffer the fate of being reviewed Into nonexistence. Although it is understandable that review
at times may be feared particularly ifitresults in the demise of a favorite concept: neverthe-
less, the advantages associated with a penetrating and judicial review are believed to outweigh
any undesirable features. This is true wAen viewed relative to the high costs which must be
accrued both from veb'ole and booster acquisition as well as ground support and data ac-
quisition. The resource requiremento demanded by vehicles, which necessitate sophisticated
thermal protection systems and relatively large launch cystems, makes consideration ofalternate or competitive concepts not oi.ly desirable but mandatory The necessity of selecting

the most attractive option fro,.n many alterrA.~Ives is, perhaps, more important today than in
previous years, for our appreciation of realistio systems effectivenese criteria has admittedly
matured,

Another factor that must be oonsidered oaraally is the relationship of any new lifting ertry
vehicle with established spacecraft technology. This poinft vs'mot be emphasized too strongly,
for in a realistic appraisaloftfaota, the lifting entry enthusiast must acknowledge the existence
of a proven competitive technology of ballistic and modified ballistlc spacecraft The out-
standing guccess enjoyed by both the Mercury and OGmin, spaoi.rraft has establtshed a record
which presents a for•midable challengb to any futore concept. A logical extension of establishea
technology is evidenced in the Apollo program, and we are confidont that a high .teaelre of
sucoess will result in its pursuanco. More importantly, however, it is anticipated that the
spacecraft will have the inherent capability of performing a variety of missions quite diverse
from its lunar high energy reentry objectives. For example, It has been shown repeatedly
that for the pure logistics mission, the minimum cost and spacecraft weight iS achi.eved with
the low L/D systems. In a similar manner, the satellite inpection .lssions requiring no
urgency fr.vor the low L/D systems from both the cost and AV considerations, Perhaps the
only seriou stated deficiency on the partof the low L/D spacecraft ir performing the logistio's
misitorn is its irability to perform a land-landing. This deficiency, of course - on be rec ifiid
by a number of devices currently being investigated which wara formerly called auxiliary
landing aides and now "decoupled modes," It also should be recognized that vehicle realability
now associated with vertical landings is quite high, and water landings must still be considered
in view of abort contingencies, In view of these recognized advantages of size, weight, volume,
cost, reliability, and simplicity associated with the low L/D spacecraft, it becomes clearly
incumbent upon the proponent of any new spacecraft concept to demonstrate measureable and
significant performance Improvements. Unless meaningful and undebatable augmentations In
performance can be achieved, the likelihood of any major resource allocations for advanced
entry vehicles should be rightfully pessimistic.

In any assessment of advanocd entry concepts, it is necessary to emphasize that a vacuum
does not exist relative to the Investigation of lifting vehicles. We must only recall the highly
successful flights of the ASSET vehicles with a hypersonic L/D of approximately 1. 4 and with
the radiative therrmal protection concept. This medium L/D technology was further enhanced
with the flights of the SV-5 PRIME vehicle with an L/D 0 1.2 and with an ablative niaterial
for thermal protection. These latter flights when coupled with the midspeed tests of the
manned SV-BP, M2F2, and HL-10 lifting bodies should certainly demonstrate our confidence
In this class of vehiclea.

Let uis turn our attention to the question associated with the renewed interest in the L/D
2.0 vehicle. This in itself represents, for the most part, a compromise approach. The argument
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is wade that the millnum L/D vehicle is, when based on realistic mission considerations,
delinquent in performance but that the L/D 8.0 concepts, although admittedly operationally
versatile, probaL'y taxez excessively the state of the art. A further point is made that very
little attention Las been focused on the L/D 2.0 class of configurations. This is really not the
uase. In a realistic analysis, it is only neescary to recall the large effort of a few years aaoaIssooia•ed with the X•t-5U program, an L/1) 2.0 vehicle. Rather it is more correct to state that
with the funding levels reached in this program, the problems associated with the L/D 2.0I
class 'of vehtcle- havehad-m -effort-.e deda on-I-than-.uy-ether -enoept.-The situa tin •a
be summarized by stating that if an L/D 2.0 configuration can, indeed, satisfy the operational
requirements, then the technolog for such a vehicle already exists. And, perhaps of equal
importance, a configuration which has, from approximately 20,000 wind tunnel hours, been
thoroughly verified as being trimmed, stable, and controllable throughout the entire Mach
number spectrum. To debate whether the L/D should be 1.7 or 2.0 makes very little sense.
There is very little difference in the configurations and both represent nearly the same
technology demands. It seems logical to simply accept the latter to accommodate unknown
performance contingoncies.

The essence of the matter is that if a clearly defined requirement exists which can specify
the maneuverability demands and hence L/D requirements, then the mission oriented vehicle
should be seleoted and fabricated, If, however, thiese "requizements" are really not defined,
then it would be wiser to accept the performance potential available along with the capability
for technology acquistion with the largest possible applioability to advanced systems' con-
oepts.

J,
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SECTION 11

PERFORMANCE AND TECHNOLOGY

ADVANTAGES OF LIFT
Maneuverability with reentry vehicles normally suggests the use of lift in that the longi-

tudinal range may be modulated and dtfferent degrees of lateral range may be achieved de-
pending on the L/D. The use ofpropulston, however, represents an option for achieving maneu-
verability which must be compared to aerodynamic lift; both of which impose some weight
penalty. Figure 1 gives an indication of the weight associated with lift generation converted
into a hypothetical fuel and I for attaining complementary lateral ranges (Reference 2). It

sp
is obvious that vehicles with high aerodynamic efficiency are superior to advanced propulsion
systems. This is further amplified in Figure 2 which shows the aerodynamic and propulsive
trade-offs for equivalent L/D. Here we have normalized to a L/D 1.5 and have indicated the
weight growth necessary for increased lateral range as a function of I91 and aerodynamic
design.

MANEUVERING CONSTBAINTS

Another area which warrants more careful consideration is that of realistic maneuvering
design goals, for it seems that the general tendency can best be characterized as a "design
down" philosophy. The argument being simply that for certain idealized missions we may or
may not need signifioast maneuverability; we may or may not desire improved return times;
we may or may not be content with bases located both within and without the zone of the in-
terior; and we may or may not desire a capability for contingencies and mission versatility.
This appears to be a questionable design logic. It would appear prudent to achieve a capability
if, indeed there extated certain applications and contingency requirements which could real-
ieýs!cally tik advarLtago of such potential. This decision, of course, must carefully consider
not only the teohnolog'cal state of the art, but also assess and minimize any penalties which
might. bo ssooiated with Increased performance potential relative to the maneuverability
desired. For example, Referewce 1 on the same subject after briefly discussing return re-
quiremen.s an a function of orbit Inclination rapidly converged the discussion with the con-( clusions that the orbit of most immediate interest, is 80 dsgrees. that we had a world wide
availability ot landting sites and hence an L/D 1.0 class of vehtcle is adequate. This, we would
suggest, may not. represent at all a realistic apprainal of the situation. Rather the facts of
the matter from the viewpoint o± rriilitary apptication mr* be a'requirement of returning
quite rapidly from xn;mAiaor~bts, In Figure o we tnd that for L/D's of lose than 3.0, bases
outside the zone o± the "ntenior of the V., S. arv required Vi recover the vehicle, The number
of bases increase rapidly ýcr L/D's less than 2: snd for an L/D of 1.0, It. would be impossible
to provide sufficient bases. Lot vz make it clear that never have we advocated the so called
"lone basoe, concept which incidently demanids an L/D .f appro•timately 4.0 but have confined
our activities to an L/D of 3.0 to assure U. S. recovery at steure bases. Further we would
suggest that the orbits "of most immediate interest" may be those more highly inclined as
achieved from the Western Test Range. Figure 4 shows the maximum lateral range require-
ments for rebirn to Edwards after single and multiorbits at various launch azimuths within
existing range constraints. The lateral range requirements for the single and dual passes are
1250 and 2350 NM respectively without accounting for guidance and control errors, density
variations, etc., which, of jourse, would further escalate the lateral, requirements. We have
superimposed on the figure the capability of the L/D 1.0 class of vehicle and can readily atat•
that return would be impossible for most launch azimuths.

3
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Figure 3. Site Requirements vs Hypersonic LID

PERFORMANCE FLEXIBILITY

It is truly valid to ask, how many entry spaoecraft programs of limited scope can we or
should we pursue? It seems undesirable to limit the oapabilltiop of a new system unless this
is unavoidable. Flexibility we feel is perhaps the most vital factor in any new spacecraft con-
figuration. Flexibility should be required not only in the available entry corridor and lateral
excursions but also in the operational mode and modulation potential. Our past experienoe
should teach us that the cost of Initial hardware acquisition is so high that it is only sensible
to configure a system having more than limited objectives and whioh can satisfy both near
and far term operational objectives.

This flexibility can be assured through the use of both lift and drag modulation. Operating the
vehicle at high angle of attack, it oan be seen from Figure 8 that the L/Drna achievable at

maximum lift coefficient is approximately the same for the medium auad high L/D vehicles.
The figure shows that the usable range is from 0.6 to 1.0 for the medium L/D vehicle and
from 0.6 to 3.0 for the higher L/D configurations. This is further amplified when we consider

6
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the actual value of the maximum lift coefficient. Figure 5 also indicates that the ncinaium
avaiiabie hit coentoient is relatively insensitive to design L/D In excess of 0.5. Figure 6
lndicates the offect of both lift and drag modulation on the flight duration as well an past andS.....present nighlt programs in the &~e, while Figur 7 shows this ftt of des~ign L/D on Me• i

maximum and minimum entry times fur r 0,

Another feature associated with flexibility is the maneuverability potential inherent In any
vehicle design. Again, this is directly related to the L/D and the selected design point in
terms of iltitude and velocity. The desirability for lateral range may reflect itself in such
ways as reduction in orbital delay, minimum laMing sites, area coverage, improved abort
capability, etc. We have previously indicated the advantages relative to landing site require
ment in Figure 3 which was based on a nonrestrictive location and orientation at the decision
p•)int.

Another rather useful way of comparing the maneuvering capability of various vehicle is
Ji through the p#Ay~oad delivery Index i? GL; (Referenoe 4) as shown in Figure 8. This parameter

couples the packaging and performan•dpotential (fraction of the earth's surface available for
exploitation from s given set of initial conditions) and to expressed simply an:

V f6oterint

"rlL swet $earth

BOOSTE• ASSESSMENT

Considerable discussion has centered around the weight of different classes of entry
vehicles. We certainly recognise the necessity of minimihing any penalties associated with
payload considerations. Any discussion, however, must include improved operational char-
acteristics and not limit itself simply to the minimum weight system. Operational potential
may, in fact, be the most importentoomuideration for u previously noted the ballistic vehicles
maximise effectively the payload fraction. Another factor most important In determining the
question of system weight is the current and projected launch vehicle capability. Figure 9
gives a general indication of launch vehicle capability with entry vehicle weight. In the cue
of Mercury/Atlas and Gemini/Titan, the entry vehicle weight had to be minimised for in both
Instances the complete spacecraft system very closely approached the limiting capability of
the launch systems. Such Is no longer the case, however, with launch systems in the Titan III
and Satu•r classes. In fact, the reverse may very well be the case In that embarrassingly
small payloads ae often considered for these launch systems which In no way taxes their
capability, It can be seen from this figure that considerable margins exist above the entry
vehicle weights which ars available for adapter modules, payloads and maneuver propulsion.This coupled with the realisation that the launch vehicle's capability compared to the entry

vehicle's capability Is relatively easy to up-rate makes the entire question of entry vehicle
weight leas critical than that which we faced in our early activities. With the margins now
available In terms of weight for our launch systems it would appear quite prudent to investin increased performance versatility.

COMMONALITY OF TECHNOLOGY

As we have previously sugsted, any new spacecraft concept must have a significantly
•rproved operational capability along with multiconcopt applicability of the technolog,. The
technolo•y demanded by the high L/D vehicle during orbital lilfting reentry haa much in common
with that which Is required both for hypersonic sustained cruise and recoverable boIster con-
oepts. In spite af the superficial differences In applications and concepts, a commonality of
problem areas and similarity ofoonfirtion elements appi os anttitudep ts readily apparent.

i 9



AFFDL-TR-67-137

5

4

DECREASING
L/D RATIO

3

HIGH L/D0AST
2 0O TEST REGION , SV-5D

INCREASING0 / ANGLE OF ATTACK

o
0 I 3 4 5

TIME SEC a Id"*

Figure 6. Effect of Lift and Drag Modulation on Reentry Time

J
These concepts of the high L/D spacecraft, hypersonic cruise vehiclem, and reooverable

boosters suggest the need for high aerodynamic efficiency. Since reduoed nose and leading
edge radii" as common features, the complete visoous problem of skin friction levels,
visoous interaction, and boundary layer transition as of significant importance, In all oases,
turbulent heating is of oonsequence and is isas dependent.

All the vehicles operate at reduced angles for CL optimum and in the case of entry and
cruise vehioles have relatively long exposure times in the hitg temperature environment,
thereby su-gsuting application of refractory and superalloy radiative material for large
portions of the vehicle. The attendant problems of refractory coatings and reusability are
certainly paramount and common technology requirements. Again, because of the flight
durations involved, the likelihood of aerodynamic control surfaces for each of the concepts
is high, thereby bringing into focus many problems associated with control surface effeo-
tiveness and heating.

It is important, however, to tie the conopt of flexibility and applicability together with the
realization that the high t,/D vehicle need notperform in its highly efficient mode at all times.
Many problem'v more closely associated with the lower performance systems such as the
behavior o# various ablators can be quite properly addressed with the high L/D vehicle.
"Suffice it 43 say, that the high L/D can perform as a lower L/D vehicle where the latter

10
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ocanot funation as a hiSh performance system without the use of on-board propulsion whioh
wo %Vll disouss later.

The acquisition of teohno!oy as a goal through flight touting is not new or novel as ohar-
boterlsed by the "X" series of experlmontal aircraft. In fact, flight teuting has been an
integral part of thi progess in tb -hnology demonstration Aeoin g to the definition and do-
"wolopment of new systaml and systems concepts. While exploratory development probes
problem areas pneralty In the meparate teohnologies and whtle mission studies tend to direct
attention to potential syotem oandidates, the rcle of flight toetin is pivotal inoe it Integrates
and demonstratos the separate technologies and provides the rateslon analyst with a firm
basis of oomparibon for the seleotion of future systems.
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SECTION Mf
CONFIGURATION DEVELOPMENT

In 1963 the investigation of the high LID vehicular concept warn initiated in eaxuiast. At that
time there existed a number of juestions to be answe~ed, nmspy of hbaloh~ now. boon
answered In a rapid~ly ))Sikidihg tebbfiolcty. The kilowng comments will discuss these
considerations:

The feasibility of high hypersonic L/D: The Air Faore Flight D~iunicls Laboratory defined
high hypersonic L/D) as an L/D w 3.0 at an altitude of 200.000 feet -.nd a velocity of 20.000 ft/
see. This design point, was s3leCted to encompass the high velocity regime at an altitude where
viscous forces are sig;ýAflcaut. The first attempts were to demonstrate Wn ground facilities
that an L/D - 3.0 could be obtained. Figure 10 shows the results of initial tests at AEDC
(References 5 and 6). For the sharp nose, it was apparent that an LID = t".0 was indeed pos-
sible but for the blunt ni.ee an L/D = 3.0 could not be achieved. After this initial attempt a
program using more realism was conducted. The results from thils effort areo shown in
Figure 11. The configurations were moderately simple geometric ahapesi, but they Incor-
porated volume, bluntness and aerodynamic control surfacee, Using a form of the viscous
interaction parameter for extrapolating the data it was apparent that several of the configu-
rations would ach~ieve an L/D - 3,0 at the design condition. So at least in pround facilities,
the feaasibility had been established. '

The next question which grew out of this earlier work was -whether high L/D could be
achierod with configurations whloh possessed adequate usable volume. This has boen a dif-
fioult question to answer since it depends so much on W~hat use will be made of the volume
(packing density). Our -approaah: h&3 been to examine the geometric variable's and ,their in-
fluence on L/D and attempt to shape the vehicle to perform trades between L/D, volume, and
vehicle lengt. This has been both an analytical and experimental program; the results shown 3
in Figu:.e 12 give an example of the volume growth in this concept. From this figure we can
see that the load carrying capability of the vehicle I#L increasing as we become more knowl-
edgeable about the trade-offs. The vehicles are shown for a lengt.h of 83 feet.. From this
analysis we conclude that in mnost instances adequate volume oan be obtained with moderate
vehicle lengths still maintaining our goal of an L/D of 3.0.

The next question plagues every system and to simply: whether the vehicle can be made
competitive from a weight standpoint? This quostaton is settled only after the vehicle is
fabrfoated. Yet attempts mut be made for reasonable estimates of the weight for comparative
purposes. There exists a wumber of apsoecraft for which. compa~rison. can be made. In the
area of the lifting reentry vehicle background information io available in the hard design
poInt3 of the ASSET, X-20 and PRIME. But in the case of the ASSET and X-20, we must
recognise the technological advances w~hich have been made In the past few yeers as woll as
the conservatism employed In these designs. To provide soma'insight, the weight question
hus been examined in a number of comprehensive design s~tudies and the results are shown in
Figure 2b. There exists a trade-off between vehicle weight and L/D, but the decision must be
made on~ the bacis of what gains can bo obtained for relatively small penalties. In this Instance,
as shown in Figure 13 the weight penalties are comparatively minor when viewed in terms of
the increased performance potential and versatility.

The final question concerns the thermal environment and its constraints on the vehicle, The
constraints ard imposed by material limitations and increased heating when maneuvering the
vehicle. Figure 14 shows the relationship between angle of attack and bulk angle for vaxflous
wing loads based on atemperature constraint ntiar the leadiig edge on the lower surface
(Reforence 7ý. From the figure it is apparent that the ability of the vehicle to transverse

14
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Figure 10, Variation of L/Dmax with Rarefaction Parameter

significant bank aiugles and angles of attack is not seriously impaired. Thd usual problems of
high heating exist but are not beyond the technology. For example, comparable nose caps,
sucoessfully used on the ASSET can likely be employed; the leading edge radii would again be
similar to the ASSET both in 3ize and temperature level.

The high L/D vehicle configurations have progressed to the point where a stable vehicle
with a high volume and high L/D can be desigped which is controllable and can sustain the
heating environment,

18
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Figure 11. L/D Achieved va Design Point; Effect on Lateral Range

* POTENTIAL CONFIGURtATIONS

ooidigurations which have led to the candidate vehicles being comprehensively examined atf
this time. Additional criteria hive been imposed on the designs to incorporate satisfactory
characteristics for low speed flight employing both fixed and variable geometry.

INCORPORATION OF MAN AND PROPULSION

We have indicated that the high L/D vehicle is not at all Inoozuatible with volume require-
vnents and it should be emphapized that volume rather than volumetric efficienoyv 2~'/3

aw
is of importance in final vehicle design, sluice it in volume wbckio must be provided for any
payload requirements. Volumotrik, efficiency, at best, ts only an ind~oator when paramnetric

16
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Figure 13. Vehicle Weight for Reentry Systems j

coraparisons are being made and ts of much less significance as vehicle sizes increase coom-
patible, with manned and on-board propulsion applications.

It to important th recognize that the high L/D vehicle must be in Uie order of 30 feet long to
achieve the desired aerodynamic efficiency, hence they posse.s. the size and volume require-
ments for manned applications. The lower performanoe design, LID 1.0, can be realized with
smaller sizes but must eventually experience a more substantial growth rate to achieve the
size@ and volumes for manned applications. Figure 16 gives an indication of the size require-
ments for such vehicles,

Wing loading io also of consequence in the design of m~y system from its Impact on the
thermal protection system, If a complete reradlative thermal protection system to desirable,
then wing loadings must be regulated to assure temperatures compatible with the limit tem-
peratures of the materials employed and normally result in wing loadings of approximately 40,
To give some Indication that these values are not completely rigid it is only necessary to look
at where the limiting temperatures are achieved, These generally occur at the shoulder near

is
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the leaalng edge and W/S can be increased by extending the refractory metals ait where the
temperature. are compatible with the prime material planned for use.

The wing loadings which are normally cited should be considered as "anchor" or "base
points" whica allow full maneuvering and perlormance excursions during return without
exceeding the temperature capabilities of refraotories. Those values, however, should not be
cunsidered as absolute limits for mission or vehicle usagc in view of the following reasons.

FoI" designs which employ integral pronulsion, there exist no reason to restrict the W/8 to
the "anchor" values for, Indeed, values as high as 100 have been investigated and proven
feasible if the vehicle is operated in the aerocruise mode. The aerooruise mode simply
couples the maneuver at constrained temperatures to the maximum allowable for the mate-
rials by either maintaining velocity, altitude or both. This concept can be ovorsimplifled by

19
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consideration of several factors. Rocket propulsive devlotis, by their very nature, prefer the
operating environment of space or at lout at low atmospheric densities. The use of aero-
dynamic maneuvering, on the other hand, suggests Iovs-r :altitudes to take advantage of the
lifting oapAbility. These two methods can be combined to enable a highly efficient vehicle
which cart operate within allow',%bis te-mperatu. i constraints. If the maneuvering Is aocom-
pl~qhed with a vehicle with integrated propulsion,the "anchor" wing loading. are then the
applicabl, values for the empty vehicle. It !-mno Mel still remains resulting in wing loading
in bxoeS? of the "anchor" values, then two altornatives are available. The fuel may be
Jettisoned as In the case of current air-nraft, 'nr maneuvering during final entry may be pro-
gramm,%d or constrained within the limits of the .-Culting wing loading, which may not offer
any serioaus degradation in maneuvering oapability. Again, however, If the values are main-
taf ned at those given as "1anchor" points for both the powere~d and unpowered cases,* full reentry
maneuvering would be available and could be com'bined with that achieved during the aero-
cruise mode of operation.

21
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If hybrid thermal protection is employed such as a combination of refractories and low
4! • a~o,.a, -. ,•¢. 6-n ! l,0 ,'• low; quito L6L Lhe :"vmhor;' vnng loanings can be in-

creased significantly. Recent investigations have shown that W/S - 65 can be sustained with
unpowered high L/D vehicles (Raeenoe $)..The implicatios asociat with e In-
cre"sed return payload weights are quite obvious.

i1!
I!I

SECTION IV

4 CONCLUDING REMARKS

The low L/D technology as exemplified by the Mercury, Gemini, and Apollo programs
necessitates that any advantage associated wlithamy now lifting entry concept must be clearly
defined and significantly measurable. The environment also appeas to be one In which there
exist# no clearly defined advanced missions, expl•iolt applications, or precisely delineated
requirements. With these thoughts in mind, it would appear that perhaps the most probable
avenue to a new vehicle capability would be through the teohnlocy mechanism. The necessity
for technology verification of alternate candidate concepts may indeed be the sensible approach,
for this preserves the options and presents realistic alternatives to'the decision makers when
plauible applioationa become more clearly in focus.

The question as to whether now vehiole concepts should be manned or unmanned is not
easily answered and must be viewed carefully considering such constraints as the type of
'Information desired and potential cost escalations. At this point in time, It appears that
hypersoniO exploitation and demonstration would be Initially accomplished on an unmanned
basis in that significant technology acquisition can be affected without experienoing the cost
increases associated with man-rated systems.

In summary, we would agree that much has indeed been written on entry vehicles, we can
anticipate rmuch more and can expect to profit from additional commentaries. We would
further submit that In view of the currently sacoessful low L/D technolog and the lack of
precisely defined advanced applications that an appropriate parameter for comparison is
L/D and the motivation most likely oulbt to be technology with increased performance po-
tential.
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